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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1  Introduction 
 
 
Achievement of construction industry is a symbol of development for every 
country. Billions of ringgit is spent annually on Malaysian construction industry by both 
government and private sector. Basically there are two types of construction or 
development; for public purposes (infrastructure, utilities and health development) and 
for commercial purposes (commercial buildings and business developments). In the past 
few decades, the electric power industries in Malaysia have been developing power 
transmission system to follow up with the rapid growth of the power demand. 
 
 
Tenaga Nasional Berhad (TNB) is the entity that is responsible to supply 
electricity to its customers mainly publics in Peninsular Malaysia with the least 
disruption to the system. A significant annoyance to the public is when important 
projects are not completed in a timely manner. Transmission line is a medium to carry 
power loads from one station to another station, therefore; it is one of the most 
important projects in power business. The interruption in transmission line system 
affects the countries economic growth.  
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An efficient design of foundations for transmission line towers has always been 
a challenge for the engineers due to the variety and cyclic nature of the loads. 
Foundations especially for the four legged towers are subjected to combinations of all 
types of loads i.e: compression, tension, torsion and shear.  The cyclic nature of the 
loads further complicates the situation. Available design parameters proposed by 
different researches are mostly based on the monotonic loading conditions and are not 
directly applicable for tower foundations. 
 
 
Safety is a concern in the construction of transmission line foundation. In the 
field of transmission line structural design, the Electric Power Research Institute has 
sponsored research studies directed towards the implementation of new safety concepts 
for the design of transmission line structures (e.g. Criswell and Vanderbilt, 1987). 
Parallel research and development efforts in this field have also been undertaken by the 
ASCE Task Committee on Structural Loadings (Task Committee on Structural 
Loadings, 1991) and the IEC Technical Committee 11 (IEC, 1991).  
 
 
 
There is also clear trend toward adopting more rational and consistent methods 
of addressing safety in construction field. By improving the control of safety in the 
design process, the number of over designed foundations and the potential high cost of 
failure or repair associated with foundations having low levels of safety can be 
minimized.  Furthermore, the incompatibility between structural and foundation design 
procedures can be avoided. At present foundations for transmission line structures are 
designed using the conventional global factor of safety approach (Kulhawy, et.al., 1983; 
Joint Committee of IEEE and ASCE, 1985).   
 
The first transmission line in Malaysia was built in 1927 which was carrying 
33kV voltage from Bangsar Power Station to Gombak Lanes and surrounding areas 
within city, and followed by first 66kV transmission line from Bangsar Power Station to 
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Klang. The first 66kv transmission line built by CEB was from Bangsar Power Station 
to Connaught Bridge Power Station in 1952. In 1953 the Connaught Bridge Power 
Station was fully completed with transmission line connecting Bangi, Seremban and 
Melaka. It is also the start of National Grid System; this followed by first 132kV 
transmission line between Connaught Bridge and Cameron Highland’s Sultan Yussoff 
Hydro Station was built in 1963 by CEB. Then in 1970 the first 275kV transmission line 
was built between Tuanku Jaafar Power Station to Kuala Lumpur. Then in 1994 
National Grid System was strengthened by 500kV transmission line system from Gurun, 
Kedah to Pasir Gudang, Johor. Currently 275kV (1000MVA) grid is under construction 
especially Central Area Grid Reinforcement Project which will strengthened the 
electricity system in Klang Valley. 
 
 
Foundation for transmission line in Malaysia can be classified in three groups: 
normal standardized pad footing, pile foundation or pile cap and rock foundation. 
Standardized pad footings have been designed for several foundation conditions. The 
range of likely foundation conditions are represented by five main categories termed 
Foundation Class Number based mainly on soil strength, and described in terms of the 
ultimate bearing capacity, ultimate passive pressure and bulk density. Most transmission 
line towers in Malaysia are constructed on standard pad footing foundation. Pile 
foundation or pile-cap is used or constructed when the bearing capacity of soil is below 
100kPa. Rock foundation is constructed when the hard stratum or rock layer was at 
shallow depth where the soil weight and frustum soil weight cannot resist the uplift 
capacity. 
 
For the standard pad footing, the size of excavation is between 1 and 2 m 
depending on the bearing capacity of the soil, while the depth is 4 m.  Thus, there is a 
very limited working clearance for the workers to do the foundation work. One 
regulation stated by Factories and Machinery (Building Operations and Works of 
Engineering Construction) (Safety) Regulations, 1986, (Part XII) (FMA) and OSHA 
(Occupational Safety and Health) Act 1994 regarding the construction of transmission 
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line foundation is that all excavation which exceeds 1.5 m depth shall be shored to 
prevent collapsed of excavation wall. However, TNB has not been enforcing the use 
the shored excavation for the standard pad foundation, thus safety is a concern. 
  
 
 
There are several cases recorded where the excavated wall collapsed but not any 
death cases recorded to date. There are also space constraints especially if transmission 
line is constructed at city area where there are lot of infrastructure relocation needed 
due to excavation works, thus will increase the cost of construction.  
 
1.2  Problem Statement 
 
 
 As mentioned above, the FMA and OSHA have regulated that all excavation 
which exceeds 1.5 m shall be shored to prevent collapsed of excavation wall since 1994. 
Despite of the regulation, TNB has been practicing a non-shored excavation for the 
construction of the line transmission foundation since 1976, and still practicing it up to 
now.   The dimension of footing 1 undercut and 2 undercut is only 1.0 m x 1.0 m with 4 
m depth of excavation, thus there is very limited working clearance to do reinforcement 
installation and concreting in the pit. The standard foundations is designed in such way 
mainly to reduce the volume of concrete thus to reduce the cost of construction. 
 
 
Due to the fact that the standard foundation size is not meeting the FMA and 
OHSA requirements, an alternative design for foundation of transmission line should be 
considered.  However, no study has been done so far to determine alternative design for 
this standard foundation (1 undercut and 2 undercut). It is therefore important that a 
thorough analysis is carried out to identify alternative design which is safe and cost 
effective. 
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1.3 Objective 
 
 
The main objectives of the study are as follows: 
 
 
1) To study the current design practices for transmission line towers foundation 
based in Malaysia. 
2) To identify alternative design for transmission towers foundations in cohesive 
soil. 
3) To evaluate performance of the alternative design in term of safety and volume 
of concrete (cost). 
 
 
1.4  Scope of Study 
 
 
This study was confined to the following scopes: 
 
1) This study only focus on the standardized undercut foundations on cohesive soil 
for 275kV transmission line projects undertaken by TNB. 
2) The field data (safety performance) and design data (soil parameters, soil 
investigation data, loading data and other related design data) for these studies 
were collected from 275kV transmission line project from PMU Melaka to PMU 
Kelemak. 
3) This study is to focus on the writer’s own design work and compare with 
existing design for selected case study (275kV Transmission Line PMU Melaka 
to PMU Kelemak) only. 
